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Introduction
Status epilepticus (SE) is a neurological emergency characterized by repetitive seizures without full recovery to neurological baseline between the seizures. 3 In approximately 23%-43%
of SE patients, SE persists despite administration of at least 2 anti-epileptic medications including a benzodiazepine. This condition is known as refractory SE (RSE). 4, 5 New-Onset
Refractory Status Epilepticus (NORSE) is a rare life-threatening condition in previously healthy patients who develop new-onset RSE of unclear etiology, which was first described in 2005. 1 A critical distinction is that NORSE refers to a clinical presentation or syndrome, and not a specific diagnosis. 6 NORSE commonly leads to super-refractory status epilepticus (SRSE), a severe form of status for which seizures persist despite 24 hours of adequate anti-seizure and anesthetic treatment.
As a rare recently-described syndrome, the scientific literature on NORSE consists mostly of cases describing the clinical characteristics, demographics and prognosis of small groups of subjects, the largest of which consisted of 130 patients from 13 different centers.
Demographic factors associated with NORSE in prior studies includes female gender prevalence, age of onset (more likely at a younger age), 1 previously good health, increased EEG duration, prolonged hospital stay, longer duration of refractory seizure occurrence and excessive negative work-up.
Typical work-up for the patients has included CT scan, continuous EEG, CSF analysis, and a crucial auto-immune work-up of antibodies (paraneoplastic/autoimmune panel testing, thyroid, or other). Based on previous literature, a CSF work-up is recommended immediately after the admission of the patient as the CSF fluid is a strong indicator for abnormalities in the Central Nervous System and useful to understand the initial symptoms of presentation. 7 Throughout this work-up, several different treatments would be utilized as well such as antiepileptic medication and immunotherapies. Prognosis is guarded; rates of mortality in NORSE range from 20 to 50% and disability due to NORSE is common. 5, 6, 8, 9 Due to the refractory nature of NORSE and SRSE, there have been several different treatments that have been used or recommended. Initially, anti-epileptic medications (clonazepam, phenobarbital, etc) and steroids, such as dexamethasone, methylprednisolone and prednisolone, are taken into consideration due to beneficial outcomes reported in previous literature for SRSE patients. [10] [11] [12] Second-line therapy options taken into consideration include immunotherapy (IVIG, PLEX, cyclophosphamide and rituximab). In fact, it is recommended that immunotherapies should be initiated within 72 hours of initial admission. 7 Although lab results may be prolonged, it is recommended that the planning of early immunotherapy would be beneficial, especially if the results of autoimmune antibody tests are positive. 13 Third-line of therapy would be Electroconvulsive Therapy (ECT) or the ketogenic diet.
ECT is an electrical stimulation of the brain that is administered when the patient is under a slight amount of anesthesia. 14 Although there are few reports of effectiveness of ECT with patients who had withdrawal or reduction of anesthesia in order to allow ECT to be administered, there is a possibility that the reduction itself resulted to the resolution of SE, and not the ECT.
14 However, it is important to consider ECT as a third-line treatment as it has been reported to work on a few patients. The ketogenic diet was also suggested as a third-line of therapy with several reports showcasing beneficial results. In one specific study by Kramer et al, a patient was reported suffering from over 100 seizures a day; however, within 2 days of starting the ketogenic diet, the patient had a total cessation of seizures. 15 Therefore, a ketogenic diet has been reported in several cases showcasing the effectiveness in regards to seizures relating to SE, NORSE and FIRES. 16 FIRES is also a subcategory of NORSE requiring a prior febrile infection with fever prior to the onset of RSE. 17 The inclusion criteria for SRSE patients were: 1)
continuous EEG monitoring for a minimum of 4 days, 2) EEG-confirmed seizures, and 3) presence of medically-induced burst suppression on EEG. As shown in Figure 1 , SRSE patients were further assessed by determining the etiology, which were categorized by the three dominant conditions: longstanding epilepsy, symptomatic, or NORSE. Symptomatic seizures are known as provoked seizures occurring at the time of or in close temporal association with an evident brain insult such as an infection, traumatic brain injury, electrolyte abnormality or a stroke. 18 Since NORSE is defined as unknown etiology of RSE, the inclusion criteria to distinguish NORSE patients from other etiologies were: 4) no pre-existing diagnosis of epilepsy and 5) no symptomatic cause of seizures identified within 48 hours of admission.
Due to the severity NORSE, many patients had 2 or more admissions characterized by seizures and burst suppression. In these cases, the admission characterized by more prolonged EEG duration with more numerous seizures was included in the analysis, while the admissions of shorter duration and fewer seizures were excluded. After the SRSE patients are identified, medical charts were examined for the following clinical data: gender, age at onset, duration of EEG, length of stay at OHSU, duration to seize the seizures, if transferred from an outside hospital, the date of admission at OHSU, in-hospital mortality, and patients' disposition. NORSE patients were further examined for data such as antibody status (paraneoplastic/autoimmune panel testing, thyroid, or other), CSF abnormality, brain MRI findings, steroid usage, immunotherapies (IVIG, PLEX, cyclophosphamide, and rituximab), fever on initial presentation, number of AEDs at discharge, ECT, ketogenic diet, the modified Rankin Scale (mRS) and autoimmune work-up (antibody testing). A Fisher's Exact test for mortality and gender between NORSE and longstanding epilepsy was completed. Outcomes were assessed by the number of AEDs and Modified Rankin Scale (mRS) at discharge.
Results

Comparisons of hospital outcomes and mortality between different causes of SRSE
Among 358 patients monitored on continuous EEG for at least 4 days in a single admission, a total of 291 patients were excluded due to no seizures or no incidence of medically induced burst suppression. The remaining 67 patients (19%) were identified as SRSE. As shown in Figure 1 , of the 67 SRSE patients, 10 (15%) had longstanding epilepsy, 44 (66%) had symptomatic and 13 (19%) had NORSE. Patients with a symptomatic etiology were assessed further by medical professionals to determine if the patients were acute or remote symptomatic.
Characteristics of SRSE patients collected are shown on Table 1 . The median age of onset for both pre-existing epilepsy and symptomatic was 62.5, whereas for NORSE it was 44 years.
Female predominance was shown in symptomatic and NORSE groups by 54.5% and 69%, respectively. Preexisting epilepsy group was 40% female gender; therefore, it was not female gender dominant. The median length (days) on the EEG was 12 for epilepsy, 6.5 for symptomatic and 25 for NORSE.
The median time to last seizure, in other words, the time it took for the medical professionals to stop the seizures was 5 days for the epilepsy and symptomatic group, but 10 days for the NORSE group. In-hospital mortality for SRSE (all causes) was 30% (20), 15% (2) for NORSE, 40% (4) for pre-existing epilepsy and 32% (14) for symptomatic. The median length of stay at OHSU (days) was 14.5 for epilepsy patients, 19.5 for symptomatic and 42 for NORSE patients. 
Comparisons of mortality between NORSE and pre-existing epilepsy patients with SRSE
To further assess the results, a Fisher's Exact test was completed between NORSE and pre-existing epilepsy patients. Table 2 summarizes the results of the Fisher Exact test of mortality and gender prevalence. The mortality for the NORSE group was 15% (2) and 40% (4) for preexisting epilepsy with an odds ratio of 3.453 and a p-value of 0.3413. The female gender prevalence for the NORSE group was 69% (9) and 40% (4) for pre-existing epilepsy with an odds ratio of 3.189 and a p-value of 0.2215 (Table 2 ). shown below in Figure 2 . To examine the antibodies associated with NORSE, the NORSE patients were further categorized into four groups by antibody as follows: 1) positive for thyroid-related antibodies only, 2) positive for non-thyroid antibodies only, 3) positive for both thyroid and non-thyroid, and 4) negative antibody testing. Table 5 summarizes the results of the antibody testing in the NORSE patients. It is important to note that antibody testing was not completed on 1 NORSE patient, therefore one NORSE patient was excluded from Table 5 analysis. The group was organized into 4 categories consisting of: thyroid-related antibodies (TPO or Tg), non-thyroid related antibodies (neuronal VGKC), positive for both thyroid (TPO) and non-thyroid related antibodies (neuronal AChR) and negative antibody testing (often performed twice at separate testing centers). The four-potential possibility of antibody results group were then compared to data such as median onset age, female gender prevalence, median EEG length, median time to last seizure, median length of stay at OHSU, median number of steroids, CSF abnormality, ECT, ketogenic diet, the median number of immunotherapies and in-hospital mortality. 
Discussion
The results of our study are consistent with prior reports: (1) NORSE is a rare condition that needs to be further studied, (2) NORSE subjects are more likely to be female, (3) there is a relationship with age, such that patients tend to be younger in the NORSE group compared to those with pre-existing epilepsy, (4) NORSE patients tend to be in the hospital for a more prolonged period of time compared to pre-existing epilepsy and symptomatic as well and (5) there are no antibodies clearly-associated with the condition.
Antibodies typically associated with NORSE are anti-NMDA receptor and anti-VGKC complex, although there are several cases with non-thyroid related (neuronal) antibodies as well. 8 However, no specific antibody has been associated with NORSE. A novel finding in this study was that 50% of NORSE cases had positive antibody testing with majority (41.7%) being thyroid-associated antibodies supporting the hypothesis that NORSE (or a subset of NORSE cases) may be autoimmune-mediated. As shown in Table 1 , our results indicated that, as opposed to other etiologies, NORSE has a lower age of onset with a female gender prevalence and a prolonged in-hospital stay, refractory seizures and EEG duration. Compared to the other categories, NORSE did have a lower mortality rate, however that may be due to the rarity of NORSE, hence a lower reported incidence and a smaller sample size.
Pre-existing epilepsy and NORSE groups were further analyzed and compared to achieve a better analysis of the severity of NORSE due to the lower sample size ( Table 2-4 ). An increased female gender prevalence was seen consistently in NORSE throughout the various data analysis. As shown in Table 2 , 69% (9) of NORSE patients were female, as opposed to 40% (4) in the pre-existing epilepsy group. The odds ratio for gender is 3.189 with a p-value of 0.2215, therefore it is not significant ( Table 2) . Although NORSE patients have a decreased mortality rate opposed to epilepsy, the odds ratio for mortality is 3.453 to 1 with a p-value of 0.3413 and is not significant. The difference between mortality and female gender prevalence is a difference that is not statistically significant, but that is said with high uncertainty due to a low number of subjects for the groups. NORSE patients tend to have a lower mean age of onset with a lower standard error (t=1.55 and p=0.1428 shown in Table 3 ). Although the p-value shows that the difference is statistically insignificant, the large measure of the variability in the results between epilepsy patients (58.1 ± 22.6 years) and NORSE patients (45.4 ± 14.1 years), reveals the imprecise results, which is more than likely due to the lower sample population. Table 4 revealed a low p-value of 0.001412 indicating that the difference is statistically significant, therefore, reiterating that the NORSE patients (70.2 ± 43.2 years) have a more prolonged length of stay as opposed to those with pre-existing epilepsy (20.7 ± 11.2 years).
Based on the Kaplan-Meier curve and Cox regression analysis, the survival rate according to total length of stay resulted to a p-value of 0.0453 demonstrating the statistical significance between the NORSE and pre-existing epilepsy group. Since the coefficient represents the log change of hazard ratio of survival, it results to a hazard ratio of 0.1031 for NORSE. Therefore, the relative risk/risk ratio, with the assumption that the risk is constant over time, of in-hospital mortality is 9.699 times higher in those with pre-existing epilepsy. However, that may be due to the epilepsy group not having a prolonged hospital stay, therefore affecting the Kaplan-Meier survival curve analysis.
Based on Table 5 , the in-hospital mortality for NORSE was 16.7% (2). In-hospital mortality would be 15% if we include the NORSE patient excluded from this analysis.
Therefore, it is important to note that for Table 5 analysis, of the 13 NORSE cases, one subject was not antibody tested, therefore was excluded from this analysis due to no antibody testing results. The median age of onset was 46.25 and the majority of cases (66.7%) were female. The average length of admission to OHSU was 46.25 days. Time on EEG-monitoring averaged 27.25 days, and time until seizure cessation was an average of 10.5 days.
Based on Table 5 , four cases (33.3%) had positive anti-thyroid related (TPO or Tg)
antibodies. Of the 12 cases, only one (8.3%) was positive for non-thyroid related (neuronal VGKC) anti-bodies and one (8.3%) was positive for both thyroid-related (TPO) and non-thyroid related (neuronal AChR) antibodies. Therefore, a total of 5 (41.7%) subjects had positive antithyroid related antibodies. The remaining six (50%) cases had negative antibody testing (often performed twice at separate testing centers).
This study presents a novel aspect of understanding this rare fatal condition by establishing a potential autoimmune link that should be further studied. Previous studies have presented the hypothesis that NORSE (or a subset of NORSE cases) may be autoimmunemediated. However, there have been various antibody presence in NORSE with previous literature, but antibodies typically associated with NORSE are anti-NMDA receptor and anti-VGKC complex, along with several cases presenting non-thyroid related (neuronal) antibodies as well. 8 However, no specific antibody has been associated with NORSE. Based on a populationbased study at baseline of 5783 participants, 12.8% were positive for TPO antibodies with a higher prevalence in women compared to men. 2 Therefore, the presence of 41.7% of NORSE cases with positive thyroid-associated antibodies not only supports the hypothesis that NORSE (or a subset of NORSE cases) may be autoimmune-mediated, but also further establishes a potential autoimmune link. It is important to note that those with positive thyroid related antibodies had a higher median age of onset, female gender prevalence, median time to last seizure, median length of stay at OHSU, median number of steroids, CSF abnormality, ketogenic diet, and median number of immunotherapies opposed to those with overall negative antibody testing. ECT was attempted on 33.3% (4) of the 12 NORSE subjects antibody tested and it did not have any significant effect on improving the outcome, in fact, since ECT was attempted on patients in the groups with the 2 deaths, as shown in Table 5 , it may have led to a decrease in the stability of the patient. Therefore, ECT may have worsened the condition of the patient. The results of this study, as shown in Table 1 , also indicates that, as opposed to other etiologies, NORSE has a lower age of onset with a female gender prevalence and a prolonged in-hospital stay, refractory seizures and EEG duration. Compared to the other categories, NORSE did have a lower mortality rate, however that may be due to the rarity of NORSE hence a lower reported incidence.
There are numerous limitations in this study. The primary limitation is the small sample size, which is due to the rare nature of the condition. Another major limitation was incomplete data due to the retrospective nature of the study. Although all the data was taken from OHSU's database, there were several patients with very limited details on their chart due to several factors. For example, patients who have limited hospital visits and/or were transferred to OHSU tend to have limited data availability in regards to the patients' chart. Therefore, our results may be underestimating the true clinical characteristics and epidemiology of the patients. It is also important to note that since this was a retrospective chart review, the patients did not receive any form of systematic follow-up, which would have been very useful for this study. A significant limitation that has significantly affected the results presented in this study is the relatively small sample size, but that is due to NORSE being an extremely rare condition. In order to compensate for the limitation, we plan to initiate a multi-centered NORSE study. Establishing a binary system for mortality alters the data due to the severity of this condition resulting to poor outcomes. Since without follow-up data there is only one data point for each patient, the relatively small number of patients do not give sufficient data to understand patterns of mortality.
While considering these limitations, the results established in this study are consistent with previous studies highlighting the clinical characteristics and epidemiology of NORSE: the condition is rare, patients tend to be younger, female-predominate, prolonged stay at the hospital, and there have been no antibodies clearly-associated with the condition.
Although a number of the results obtained in this study supported previous studies, our results failed to establish a statistical significance, which may be the result of a small sample size. Collectively, the results of this study highlight the importance and need for further research in NORSE to establish the clinical characteristics, epidemiology, and factors associated with NORSE in order to decrease the mortality and length of hospital stay, and therefore in essence, increase the possibility of a better outcome at disposition.
Conclusions:
The results of this study are consistent with prior reports of NORSE epidemiology: the condition is rare, patients tend to be younger, female-predominate, and there have been no antibodies clearly-associated with the condition. However, 50% of NORSE cases had positive antibody testing -the majority of which were thyroid-associated antibodies (41.7%). While thyroid-associated antibodies are thought to be non-specific markers of inflammation and/or autoimmunity, the presence of 41.7% of NORSE cases with positive thyroid-associated antibodies not only supports the hypothesis that NORSE (or a subset of NORSE cases) may be autoimmune-mediated, but also further establishes a potential autoimmune link. Since NORSE is a rare, recently described life threatening syndrome of unclear etiology, more studies are needed to establish the epidemiology and mortality of NORSE to elucidate the underlying cause and optimal treatment.
